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1 0  INTRODUCTION 

Thls Draft Phase I1 Report has been prepared by Resources CO~ServahOn Company (RCC) as a contract 

dehverable bemeen EG&G Rocky Flats Plant (RFP) (for the Enwonmental Restorauon Group) and RCC. The 
purpose of this Draft Phase II Report is to descnbe the technd approach, results, and assessment of the solvent 

extracuon bench-scale ueatabdity study 

1.1 Phase I1 Bench-Scale Program Purpose and Objectwes 

The purpose of the bench-scale mtabhty study is to pmwde data to support the Feasibihty Stuhes (FS) in 
assessing the feasibdity of usmg solvent extractton to remedate mhonuclideantaminated RFP soil and 

vegetamn To fulfill the purpose of th~s mtabdity study, the following objecuves were establlshed for Phase II 
mung (1) confm the reproducibhty of the plummum removal results achieved dunng Phase I tesung, 

(2) evaluate the effect of aWhonal extrachon stages on removal of plutonium form RFP sod and vegetahon 

beyond that tested m Phase I, (3) calculate the percent of Pu-239.240 removed from RFP sod and VegetahOn 

after solvent extrachon teshng, (4) calculate a plutomum (Pu-239,240) and sol& mass balance for each of the 

solvent extracuon tests performed dung Phase II, and (5) evaluate the performance of Phase 11 bench-scale tests 

in removing COCs from the soil and vegetauon samples to ConcentrahOnS at or below the treatabdity study 

benchmarks (TSBs) shown m Table 1 1 
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Table 1.1: Treatabihty Study Benchmarks 

Concentration 

pCJg plcocunespergram 

' hgrammafic F'rehminary Remdatron Goal (PRG) - Draft 
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2.0 BENCH-SCALE TEST DESIGN 

Thls SWhOn describes the bench-scale test design for the Phase 11 solvent extractton treatability study The 
solvent extractton bench-scale tests were designed to idenhfy the effecuveness of solvent extractton technology m 
removmg COCs from FUT sod and vegetahon The Phase 11 bench-scale tests consisted of two general tasks 

sample preparahon and solvent extractton tests Sample PreparahOrI mvolved screenmg, blendmg, and sphthng 

two separate soil samples mto andyhcal samples and bench-scale test samples In addIhOn, sample preparahOn 

involved cuthng, blendmg, and sphmng the vegetauon sample mto analyhd samples and bench-scale test 

samples Sample preparahon was performed pnor to conduchng Phase I teshng The same feed matenal was 

used for both Phase I and Phase 11 teshng 

The solvent extractton tests were performed usmg melhylarmne and those reagents and Operatrng con&aons 
identtfred in Phase I teshng whch yielded the most favorable plutomum removal The specific technical 

approach of the sample preparahOXI and solvent extrachon tests are described in the following sechons 

2.1 Sample Preparation 

Soil and vegetahon samples selected by EG&G from RFP were submitted to the laboratory for sample 

preparahon, chemical charactemon, and bench-scale teshng The on-Ute laboratory prepared the sod samples 

by screening, blendmg, and splithng each sample mto separate test and analyhd samples. RCC technicus 
prepared the vegetahon sample on-ate by choppmg, blendmg and splithng the vegetahon sample into separate 

test and andyad  samples The demled descnpttons of the sample pparatIOn for soil sample #1, soil 

sample #2, and the vegetahon sample are presented m the followmg sechons These samples were prepared 

pnor to conductmg Phase I teshng The prepared feed samples were used for both Phase I and Phase 11 teshng 

I 
I 
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2.1.1 Soil Sample #1 Preparation 

A standard Tyler =eve was used to remove mated greater than 1/4 inch m Qameter The amount of ovetslze 

matenal was recorded and the oversue matenal was set aside for rem to RFP The blendmg process mvolved 

splittmg the screened sample mto two port~ons, recombmg the spht sample and mlxing the recombined sod 

thoroughly The sphttmg. recombinmg and mlxing (homogen~tIon) step was performed a mmimum of 

eight hmeS Following the homogenlzauon step. analyhcal and bench-scale test samples were Qvided as shown 

in Figure 2 1 The analyucal samples were further dwided into chermcal charactenzahon samples and submitted 

for chemical analysls The reSUlhng analyhcal data on the feed provded the basehe to eVdUate the 
effecuveness of the blenQng process and plutonium removal efficiencies dunng bench-scale testmg 

The bench-scale test sample porhon selected for Phase 11 testmg was homogemzed agam uslng the procedure 

descnbed above An adQuonal sample for feed charactemuon confmatory analyses was wthdrawn from the 

homogenized phase II sample w o n  

2.1.2 Soil Sample #2 Preparation 

Prepmon of soil sample #2 consisted of screerung, blendmg and sphthng as descnbed m SectIon 2 1 1 

Followng the screemg and blendmg (homogemnuon) step, sod sample #2 was spht into analyhcal and bench- 

scale test samples as shown in Figure 2 1 The analyhcal sample was further d ~ ~ d e d  mto chemcal 

charactemon samples and submitted for chemcal analysis The resultmg analyhcal data prov~ded the baselm 

to evaluate the effecuveness of the blendmg process and plummum removal efficienaes dunng bench-scale 

teshng 

The bench-scale test sample w o n  selected for Phase 11 teshng was homogemzed agam uslng the procedure 

desmbed above An adQuonal sample for feed charactenzaaon confirmatory analyses was wthdrawn from the 

homogenized Phase 11 sample w o n  

2.13 Vegetation Sample Preparation 

The VegetahOn sample "as received" consisted of two root balls and the= accompanymg stems and leaves 'Ihe 

stems and leaves were chpped wth sclssors and set =de The root balls were nnsed m a bucket of water to 
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The rematnmg mot balls (rmnus the sod). stems, leaves, and slummed mated were combmed and then ground 

in a meat gnnder The IXXdhng ground vegetation m l x m  was blended by hand using a split and combme 

techxuque as descnbed III Secuon 2 1 1 Followmg the blendmg step, analyhcal and bench-scale test samples 

were split as shown in Figure 2 2 The analyacal samples were furrher spht and submitted for chemical analysls 

The resulmg analyucal data provided the baseline to evaluate the effechveness of the blendmg process and 

plutonium removal efficiencies dunng bench-scale teshng 

The bench-scale test sample -on selected for Phase Il tesmg was homogend agam using the procedure 

descnbed above An add~uonal sample for feed characternuon confirmatory analyses w8s wthdrawn from the 

homogenized Phase I1 sample porhon 

2.1.4 Soil Particle Size Distnbution Analytical Testing 

A sieve test was conducted on sod #1 and sod #2 to determme the dutnbuhon of matenal and acuvity as a 

funcuon of parhcle uze The sieve test was conducted w g  150 grams of prepared feed sod. The feed sod was 

mvred with 150 ml of 0 1N sod~um hexametaphosphate (SHMP) The SHMP acted as a drsperslng agent for the 

soil slurry The sod slurry was then put through a senes of screens arranged to capture sequenhally smaller 

pmcle sue frachons The three screens used were #5, #8 and # 40 mesh The mated that passed through all 

screens was collected and flocculated to atd m separauon of sohds and hqud The hqurd above the flocculated 
soil was decanted and filtered usmg a #40 and a #41 Whatman filter The flocculated solids were bed and 

combmed wth the mated recovered ma filtrahon and submitted to the laboratory for WPIC plutoluum 

analysls The decanted hqud was collected after filtration and submitted for mtopic plutoruum analysis 

2.2 Solvent-Extraction Tests 

Solventextracuon tests were performed usmg the most effecuve combmon of omdnmg/redumg agents, 

complexmg agents, tnethylarmne, extracuon tune and extracaon temperature i & n W  dmng Phase I teshng 

Generally, each extracuon stage consisted of addmg a reagent, mmng the sample unth the reagent solut~on, 

Separating hqwds from solids (centnfugauon) and recyclmg sohds to the extrachon vessel After compleuon of 
all the extrachon stages, lnethylamme was added to the separated reagent soluhon, contaminants w e n  
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concentrated, and water and methylamme were recycled ( T n a h y h e  was used to remove the water h m  the 
contammant soluhon. allowmg the water to be recycled wthout evaporahon or other sepamhon techniques) A 
block dragram of the solvent extractton bench-scale test process IS presented in Figure 2 3 

22.1 Soil Sample #1 Solvent-Extraction Tests 

Two solvent extrachon tests were conducted dunng Phase II teSMg of sod sample #1 The test parameters used 
for each test are presented Table 2 1 A step-by-step descnpbon of one of the two tests is @veri below to 

provide further clanficauon of the extrachon sequence used dunng Phase II sample teshng 

A 200-gram porhon of sod sample #1 was placed m a one-hter extrachon vessel A soluuon of 3 percent 

hydrogen peromde, used as an oxrdmng agent, was added to the extrachon vessel to achieve a hqud-to-solids 

raho of 8 to 1 by weight The soluuon was ag~tated and heated to 1904; Clmc acid, used as a complemg 

agent, was then added to the extracuon vessel to obtarn a 0 1 molar crtrrc acid soluhon The mxture was 
aDtated for 60 mmutes at 190°F and allowed to settle The soh& were separated from the hqud extract solwon 
via centnfugatlon Thls extract soluuon, free of suspended sohds, was cornposited and later analyzed for sotops 
plutonium, amencium, and total uranium 

The above extracuon procedure was repeated eleven more tunes, stamng wth the addma of hydrogen peroxr& 

to the sohds and liquid remamrng in the extracuon vessel, for a total of twelve extrachon stages The frnal 

treated sohds were later analyzed for totat m u m ,  ~~otopic plutomum, and amencium After the final 
extracuon, a compoute extract SOlUhOn was formed ustng the extract soluhon from each extrachon stage 

Tnethylarmne was then added to the extract soluhon to concentrate the contarnurants to a m m a l  volume 

(AddUon of methylamme forms a twcbphase system a hght phase co- m t h y h n e  and water, and a 

heavy phase conming the contamrnants and a small amount of water) The heavy phase was then analyzed for 
isotopic plutomum, amencium. and total uranium The recovered water fmn extract soluhon concentrauon was 

sampled and lam analyzed for mtopic plutoruum, ammaum, and total ura~um. 

2.2.2 Soil Sample #2 Solvent Extraction Tests 

Two solvent extrachon tests were perfomed uslng the test parameten shown m Table 2 2 The step-by-step 

procedure used for sod sample #2 was slmrlar to that &scussed XI SeCaan 2 3.1 for sod sample #1. 
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2 2 3 Vegetatmn Sample Solvent Extrachon Tests 

One solvent eXtrachOn test was perfomed usmg the test parameters shown m Table 2 3 The step-by-step 

procedure used for the vegetauon sample was slmlar to that dwussed in Secuon 2 3 1 for sod sample #l 
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Table 2.1: Summary of Solvent Extrachon Test Parameters for Soil Sample #1 

Oxldipng or Other Number of Extrachon 
Test Reducmg Complexing Reagents Extraction Time Per Extraction 
No. Agent Agent used stages Stage Temperature 

1 H202 c6H&l Tneth ylarmne 12 60 min 190 F 

2 N&O, Na&H@, Tnethylarmne 12 60 min 190 F 

F Degrees Fahrenheit 
c6H@7 Cmc acid 
H202 Hydrogen peroxide 
mm mutes  
N&J-I& Sodl~m citrate 
NG204 Sodlum &thionite 
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Table 2.2: Summary of Solvent Extrachon Test Parameters for Soil Sample #2 

Oxldiwng or Other Number of Extraction 
Test Reducrng Complexlug Reagents Extrachon Time Per Extraction 
No Agent Agent used stages Stage Temperature 

1 H202 C380,  Tneth y h n e  12 60 min 190 F 

2 Na2S20, Na3C&I50, Tnethylamine 12 60 min 1 9 0  F 

F Degrees Fahrenheit 
GH8Q Citnc acid 
H202 Hydrogen peroxide 
mm Wnutes 

Na2S20, SodIum htluonite 
Na,C&Q SodI~m Citrate 
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Table 23: Summary of Solvent Extraction Test Parameters for the Vegetation Sample 

Oxldimng or Other Number of Extraction 
Test Reducmg Complexing Reagents Extraction Time Per Extrachon 
No. Agent Agent used stages Stage Temperature 

1 NG@4 Na,C,H,O, Tnethylarmne 12 60 min 190 F 

F Degrees Fahrenheit 
mm mutes 
Na,C&O, S&um citrate 
Na2S204 Sod~um hthionite 
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Figure 2 17 Sod feed spht TREE 
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Figure 2 2 Veg feed split TREE 
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Figure 2 3 Block dragram of bench test process 
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3 0 ANALYTICAL AND QUALITY ASSURANCE/QUALITY CONTROL PROGRAM DESIGN 

As descnbed in sechon 2 0, the samplmg and analyhcal program was conducted m support of the Phase I1 

solvent extracuon bench-de treatabihty study to assess the abihty of solvent extracuon technology to remove 

COCs from contammated RFP sod and vegetahon 'Ilus analyhcal program was accompanied by a quality 

assurance/quality control (QA/QC) program to estabbh the defenslbhty of the analyhcal results The analyt~cal 

and QA&C programs conducted for the Phase II solvent eXtrachOn bench-scale treatabhty study are sum& 

below 

3.1 Analytical Program Deslgn 

As descnbed in %Chon 2 0, the analyucal program for the Phase 11 bench-scale teshng included two general 

components (1) chemical charactemon of the FWP feed sod and vegetauon samples pnor to Phase I teshng, 

and (2) mhochemical analyses for COCs m support of Phase I1 bench-scale solvent extracuon tests Sample 

analyses for both components of the Phase 11 analyucal program were performed at the laboratory on locauon 

3.1.1 Feed Sample Chemical Characterization 

Pnor to conduchng the Phase I bench-scale tests, the feed sod and vegetahon samples obmed from RFP w a  

screened, thoroughly blended, and spht mto analyhcal and test samples as described m SeChOn 2 1 l l e  

analyt~cal sample splits were submitted to the on-site laboratory, pnor to Phase I teshng, to be analyzed for the 

following radmchemical parameters Pu-238, Pu-239.240, Isotopc U, U (total), Am-241. gross alpha, and gross 
beta Plutonium and amencium isotopes were analyzed for uslng alpha spectrometry, uranium was analyzed 

using laneuc phosphonmetry, and gross alpha and gross beta wete analyzed usrng gas proporuonal countmg 

The specific analyhcal protocols apphed for the charactenzahon of feed samples followed the on-ate Momtory 
standard opemng procedures (SOPs) for ra&ochemtcal analyses as documented m the Quality Assurance 

Addendum (QAA) for the solvent extracuon bench-scale eeatabhty study Results from the feed sample 

chemical charactemahon analyses estabhshed feed (mfluent) concentrahons of COCs and were used to ~ssess 

removals of COCs acheved by the Phase 11 tests A sample of the feed matenal used for phase II teshng was 

submitted to the laboratory for confirmatory analyses accordmg to the procedures described above 

In addmOn to radiochemical analyses, the Phase 11 analyhcal sample sphts from the feed samples underwent 

screenmg analyses for total soh& The total solids analyses were perfonned on locahon by RCC techruclans 

uslng thex mternal SOPs 

%a- - * *  
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3.1.2 Radiochemical Analyses for Bench-Scale Solvent Extracbon Tests 

Extracuon fomulauons and approaches which showed the greatest pmse in Phase I tesung based on percent 

plutonium removal results were repeated d m g  Phase 11 tesung Samples of major process medm from these 

tests were submitted to the on-nte laboratory to be analyzed for spec& radmchemical parameters Process 

sample types and analyhd parameters for these Phase II solvent extracuon tests are summanzed in Table 3 1 

These analyses employed the same analyucal methods used m the feed sample chemical charactermuon 

analyses, and followed the on-site laboratory’s SOPS for riuhochemical analyses as documented m the QAA for 

the solvent extracuon bench-scale treatabihty study 

3 2 Quahty Assurance/Quality Control Program 

QNQC protocols were applied h n g  the Phase II solvent exrracuon bench-scale matabfity study to estabhsh 

the rehabihty of the reported analyucal results Muluple mtemal QC checks were performed dunng test sample 

analysls. mcludmg the analysls of duphcate test samples, laboratory method blanks, and laboratory control 

samples Wochemical tracers were used as r e q u d  by method SOPS to momtor the recovery of COCs from 

test sample matrices. Followmg sample analysls and results reparhng, a data rewew and Validahon program was 

implemented to assess data quallty and defenslbllity, and to idenufy poteaual lmitaaons on data useabdity 

relauve to the ~ b j t ~ t ~ v e s  of the treatabdity study Ths QA?QA rewew 1s sull m progress and final results will 

be completed pnor to submitung the fmal Phase I and II test report 

Dews of the QA/QC program far the solvent ~XtrachOII bench-scale matabhty study 1s provtded m the QAA 
Data quality issues identdied from the apphcauon of QA/QC protocols m the phase II mung wdl be dwussed 

as they relate to speclfc test results m Sectton 4 0 A summary of overall data quality for the solvent exrracmn 

bench-scale treatabihty study urlll be mcluded in the f d  report. 
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Table 3.1: Summary of Phase II Samphg and Analybcal Program 

Analmal Parameters 
Number of 

Samples 
Process Collected Total 

Sample Type * When Collected Per Test PU-239,m % U 

Interstage soh& After the 6th and 9th extrachon 2 
stage 

Interstage extract Composite sample of the extract 2 
soluhon SOlUhOn from eXtraChOn stages 

1-6, and 7-12 

Final rreated soh& After final extrachon stage 1 

Final extract concentrate After combming and 1 
(heavy Phase) concentraang all extract soluhons 

h m  test 

Recovered Water After combming and 1 
concentraang all extract soluhons 
from test 

pu Plutoruum 
U Uranlum 

a Includes major process medm sampled dunng Phase II tests 

X X X 

X X X 

X 

X X 

X X 

X X 

ID AA , 
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4.0 RESULTS AND DISCUSSION 

Thls SeChOn presents the results of the Phase I1 bench-scale teshng, as desmbed m Secuon 2 0. mcludmg 

analyhcal results, percent contaminant removal calculahons, mass balance calculahons, and data quahty 

assessment. 

4.1 Phase I1 Bench-Scale Testmg 

The Phase II bench-scale tests produced both process and analyt~cal results procesS test results for each soil and 

VegetahOn sample mcluded values for extrachon temperature, exmuon hme, sohds setthng and centnfugauon 

charactensucs, OXidahOn/redUCUOn agent adhuon. complemg agent ddmon, feed to reagent (i e ,  

oxidahontreduchon and complexing agent) rah0S. and solvent to reagent mhos Analyhcal results idenufied the 

percent of plutonium removed far each set of process conduons for each soil and vegemon sample tested 

Analyucal results provided data for mass balance calculahons Analyacal and test parameter results of the 

Phase I bench-scale teshng were used to idenhfy the test parameters to be used dunng Phase 11 mhng Results 

from the two components of the bench-scale teshng (sample preparatron and solvent exaacuon tests) are 

summanzed below far sod sample #1, sod sample #2, and the VegetahOn sample 

4 1.1 Feed Sample Preparabon Results 

Following the screenmg, homogemzahon, and sphmng described in SeChOn 2 1, the chemical charactmzahcm 

analyhcal samples were submitted to the on-ate laboratory far chemical analyss to prow data to evaluate the 

effecuveness of the blendmg process The results of ~ I U ~ O N U ~  chettucal charactenvltlon analyses for each 
sample are presented m Table 4 1 Addmonal analyhcal results (1 e ,  uran~um, amencium, and ofl and grease, 

etc ) for chemical charactemuon analyses for each sample are presented m Appendm A 

A porhon of the prepared feed mated selected for each Phase 11 test was subrmtted to the analyhcal laboratory 

for confirmatory analyses The plutonium concentrahons reported far sod sample #2 and the vegetauon sample 

fell oumde the 90% confidence interval detemed durrng phase I teshng The analysls of t h a  samples IS 

currently being repeated. A dscusslon of these subsequent results Wtil be prowded m the final Phase I and 11 

report 

A sieve test was conducted on sod #l and sod #2 as described m sechons 2 14 and 4 1 1 The amount of 
m a t e d  captured by each screen and the reported achvity of each fracuon is presented m Table 4 0 The 

a3 
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~~ ~~ ~~ ~~ ~~~ ~ 

actwity detemnahon for the recovered hqud hcuon is 111 progress and wdl be presented m the final Phase I 

and I1 report 

I 

/I 
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Table 4.0: Summary of Sieve Test Results 

Sod #1 

Feed soil used 

Sieve frachons collected 

#5 mesh 

#8 mesh 

#40 mesh 

e W m e s h  

Lrqud 

so11 #2 

Feed soil used 

Sieve frachons collected 

#5 mesh 

#8 mesh 

#40 mesh 

e#40mesh 

Liqud 

* Mean feed concenfrahon 
** Analysis 111 progress 

138 

10  

3 3  

65 5 

69 7 

** 

133 

03  

6 2  

40 0 

86 9 

** 

740 * 

16 7 

6 80 

72 0 

3 12 

** 

1350 * 

15 8 

10 9 

23 7 

679 

** 

-- 

e 0425 

< 0 150 

120 

5 30 

** 

-- 

e 0315 

0 173 

0 41 

11 3 

** 



‘ I  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

EG&G ROCKY FLATS PLANT Manual R FP/ER-94-00032 

Draft Phase II Results Report for page 20 of 39 
ENVIRONMENTAL RESTORATION PROGRAM Document Revision 0, Draft A 

Solvent Extraction Bench-Scale Treatahllty Study Effective Date November 23,1994 

4.1.2 Soil Sample #1 Test Results 

The process data collected dunng Phase 11 bench-scale teshng of sod sample #1 are summanzed as follows 

The extrachon temperature was held constant at 190 F 

The extrachon hme was 60 mmutes per extracQon stage 

Solids settlmg tunes of up to 30 mutes were tested and centnfugauon was r e q d  

The OXidahOnEredUChOn and complexing agents tested are presented m Table 2 1 

The m o  of feed to reagent (1 e ,  OXidahOn/redUChOn and unnplexmg agents), expressed on a weight- 

to-weight bass, was 8 to 1 

The rauo of solvent to reagent, expressed on a weight-to-weight basis, vaned between 2 1 and 10 1 

The results of Pu-239.240 and total uranium analyses conducted on sod sample #1 feed, interstage (1 e ,  slxth and 

ninth extrachon), and final treated sohds from Phase 11 solvent extrachon tests are presented m Table 4 3 The 

analyt~cal results show that in tests 1 and 2, plutonium IS reduced from a mean feed concentmhon of 740 pCJs 

(as determmed par to Phase I tesmg) to 88 pCJg and 83 pCJg, respechvely, m the final treated solids The 

concentrahon of plutonium in the solids IS not significantly reduced after the miual four extrachons. Therefore, 

COndUChng four eXtraChOns mstead of twelve would have yelded smuk results Addmonal analyt~cal results 

(1 e ,  extract SOlUhOn, extract concentrate) from Phase 11, soil sample #1 solvent extmchon tests are presented m 
Appenhx A 

4.13 Soil Sample #2 Test Results 

The process data collected dunng Phase II bench-scale teshng of soil sample #2 are summanzed as follows 

The extrachon temperam was held constant at 190 F 
The extrachon hme was 60 mmutes per extrachon stage 

Solids settlmg tunes of up to 30 minutes were tested and centnfugahon was r e q d  

The OXidahOnJreduchOn and complexlng agents tested ~IE presented m Table 2 2 

The mho of feed to reagent (1 e ,  OXidahOn/redUChOn and complexmg agents), expressed on a weight- 

to-weight k s ,  was 8 to 1 

The mo of solvent to reagent, expressed on a weight-to-weight basts, vaned between 2 1 and 10 1 

The results of Pu-239.240 and total uranium analyses conducted on sod sample #2 feed, interstage (1 e ,  suth 

extracuon. mth eXtraChOn), and final treated soh& from Phase II solvent exmuon tests are presented m 
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Table 4 4 The analyhcal results show that m test 1 ,  Pu-239,240 is reduced from a mean feed COncentrahOn of 

1350 pCJg (as deterrmned pnor to Phase I tesung) to 100 pCJg m the final treated solids The Pu-239,240 

analysls of the treated sohds for test 2 are under QA/QC review and wdl be d~scussed m the final Phase I and 11 

test report The concentrahon of plutonium m the sohds is not si@icantly reduced after the mihd four 

extracQons Therefore, conductmg four extracuons mstead of twelve would have yielded similar results 

Addhonal analyucal results (1 e ,  extracuon SOlUhOn. extfacuon concentrate) from Phase II. sod sample #2 

solvent extrachon tests are presented m Appendtx A 

4.1.4 Vegetatron Sample Test Results 

The process data collected dunng Phase II bench-scale teshng of the RFP vegetahon sample are summanzed as 

follows 

The extrachon temperature was held constant at 190 F 

The extrachon hme was 60 mmutes per extracuon stage 

Sohds settlmg umes of up to 30 minutes were tested and c e n ~ g a h o n  was r e q d  

The OxidahOniredUChOn and complexmg agents tested are presented m Table 2 3 
The raho of feed to reagent (1 e ,  oxldahon/reductIon and complexmg agents), expressed on a waght- 
to-weight basis, was 8 to 1 

The raho of solvent to reagent, expressed on a weight-to-weight baas, was 2 1 

The results of Pu-239.240 and total uranium analyses conducted on feed, mterstage (1 e ,  smth extracuon, mnth 

extractton), and final treated solids from Phase II solvent tmaChOn vegetahon teshng are presented m Table 4 5 

The analyhcal results show that in test 1. Pu-239W is reduced from a mean feed concentrahon of 620 pCdg 

(as determmed p a r  to phase I tesmg) to 23 pCdg m the final treated soh& The concentrahon of plutomum m 
the solids is not SigIuticantly reduced afte? the mhal four extTactmns Themfore, conduchng four ~XtraChOnS 

instead of twelve would have ylelded sunrlar results Aahonal analyhcal results (1 e ,  eXtraChOn soluhon, 

extracuon concentrate) from phase 11, vegetahon sample solvent extrachon tests are presented m Appendm A 

4.2 EVALUATION OF PHASE I1 ANALYTICAL RESULTS 

Data evduahon of Phase II analyt~cal results was performed to assst III assessing the overall bench-& test 

performance dunng Phase 11 tesung The followmg three specific eVduahOnS of phase 11 analyhcal data were 

performed (1) a StahshCd evaluahon of feed sod analyhcal results (conducted pnor to Phase I tesang), 
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(2) evduahon of percent contammint removal ("tI-239,240), and (3) evaluauon sohds and contaminant mass 
balances These evaluauons are presented below 

4.2.1 StatWcal Evaluation of Feed Soil 

For each of the two sod samples and one vegetation sample, the anthmehc mean, standard deviauon, and 

90 percent confidence intervals were calculated for the feed sod concenmons to assess the vanabdity and 

homogeneity of the feed sample streams This Stattshcal anlayas was conducted pnor to Phase I testmg. These 
stausucs were calculated for Pu-239.240 usmg the followmg fmulas 

Upper confidence i n t e d  = (1) + (L&) 
Vn 

where 

x, = The concentrauon of PU-239,240 measured in an mdtwdual rephcate chemical charactenzat~on 
analysls of a feed sample dunng Phase II Three mdmdual rephcate analyses were performed for 
soil sample # 1, and 4 such analyses were performed for sod sample #2 and the vegetahon sample 

n = The number of obmvahons (1 e ,  the number of mdmdual rephate results for each sod or 
vegetamn sample) For soil sample #1, n = 3, whereas n = 4 for sod sample #2 and the 
vegetanon sample 

tn = The Student's t-Dismbutton for the 90 percent confidence mterval for n-1 degree of freedom (b 
= 2 920 for 2 degrees of fieexlorn [sod sample #1], and = 2 353 for 3 degrees of freedom [sod 
sample #2 and the vegetahon sample]) 

28 
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StatIShcs for the Phase I feed soil and vegetahon samples are presented m Table 4 6 The same Phase I feed sod 

and vegetahon was used for the Phase 11 tests Based on the range 111 values for the standard devlaaon, the 

stahshcs mdtcate that the hghest degree of vanabhty m feed sod results was observed m sod sample #2 and the 

vegetauon sample results Specifically, the 90 percent confidence lntervd of the Pu-239.240 mncenmaon m 
soil sample #2 ranged from 1113 pCJg to 1585 pCJg and from appromately 481 pCdg to 752 pCdg in the 

vegetauon sample For these examples. a standard dewaUon of 201 pCJg and 115 pCdg was calculated for sod 
sample #2 and the vegetauon sample, respuvely, re lave to mean concenmm of 1350 pCJg and 620 pCl/g, 

reSpeChVely Calculauon of percent rekhVe standard &vWIOnS (96 RSDs) based on these values (Sfitunes 100) 

produce 46 RSDs of less than 20 percent far both samples, whch 1s mmdered acceptable for &ochemcal 

analyses 

Confirmatory feed analyses conducted dunng Phase 11 produced PU-239,240 concentrauons which were outside 

the 90% confidence interval for soil #2 and the vegetahon These samples are bemg re-analyzed at this m e  and 

a drscussion of the subsequent analysls results will be provided m the final Phase I and I1 report 

42.2 Evaluation of Removal Efficiencies for Plutonium 

The percentages of Pu-239.240 removed were calculated for Pu-239,240 for each of the solvent extracaon tests 

conducted in Phase 11 The indtvidual percentages of Pu-239.240 removed were calculated uslng analyhcal 

results from feed and treated solid samples as follows 

The calculated results of the PU-239,240 percent removal are presented below and are based on the mean feed 

concentrauons calculated pnor to conducMg Phase I teshng 

4.2.2 1 Soil Sample #1 Pu-239,240 Percent Removal Results 

The percentages of Pu-239,240 removed for Phase 11 Bhng of sod sample #1 are summanzed in Table 4 7 The 

results for sod sample #1, based on the mean feed concenmon, showed 88 and 89 percent removal of 

Pu-239,240 for tests number 1 and 2, respecuvely The parameters used dunng each of these tests an 

summanzed m Table 2 4 



‘ I  I 

I 
I 
I 
I 

I 
I 
I 

EG&G ROCKY FLATS PLANT Manual RFPER-94-00032 
ENVIRONMENTAL R EST0 RATION PROGRAM Document Revision 0, Draft A 
Draft Phase I I  Resub Report for Page 24 of 39 
Solvent Extraction Bench-Scale Treatabdity Study Effective Date November 23, 1994 

4.2.2.2 Soil Sample #2 Pu-239,240 Percent Removal Results 

The percentages of Pu-239.240 removed for Phase II teshng of sod sample #2 are summanzed m Table 4 8 The 
results for sod sample #2, based on the mean feed concentrauon, showed 92 percent removal of Pu-239,240 for 

test number 1 Incomplete QNQC renew of test results prevents calculatton of p e m t  removal for soil #2 The 

percent removal calculauons for soil #2 will be d ~ ~ ~ u s s e d  the final Phase I and 11 report The paramem used 
d m g  each of these tests are summanzed in Table 2 5 

4.2.23 Vegetation Sample Pu-239,240 Percent Removal Results 

The percentages of Pu-239.240 removed for Phase II teshng of the vegetauon sample IS presented m Table 4 9. 

The results show a 96 percent removal of Pu-239,240 from the sample The parameters used dunng thls test are 

summartzed III Table 2 6 

4.23 Solids and Pu-239,240 Mass Balances 

Mass balance calcWons were performed on the bans of Phase 11 test and analyt~cal results Mass balance 

calculauons consisted of solrds mass balances and Pu-239,240 mass balances for each of the solvent extractton 

bench-scale tests conducted in Phase 11 Solids mass balances for each sod and vegetahon sample we= 
computed usmg the total weight of each feed sample, treated soh& samples, tn process samples, and nonvoM.de 

reagents used dunng each solvent extraction test Data used for calc-cm of the sohds mass balances am 

presented m Appendur B The percent mass recovered for each test was calculated as follows 

Percent Solids Recovered =  ass of effluent sohds x 100% 
Mass tnfluent sollds 

where 

Mass of effluent sohds = total m a s  of treated soh& recovesed dter complehon of each solvent extrachon 
test 

Mass of mfluent sohds = total mass of feed sample, on a dry h, and mass of nonvolaule reagents 

_ a  N 
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Contaminant mass balances for Pu-239,240 were conducted umg the process and analytical data presented m 
Append~x A The percent contamimt recovery was calculated as follows 

Percent Pu-239.240 Recovered = X [Conc(h, x Maq&I x 100% 

where 

Pu-239.240 Mas+, = Conq, x Mass of feed sample m grams (as received bass) 

Conc,,, = Mean concenWon of Pu-239.240 m the feed sample, pCdg (as nxeived basts) 

Cone,, = Concentrahon (as received bas@ of Pu-239,240 rn the speclfic process fraChOn, 
pCdg (this includes treated solids, mmtage solrds, and extract samples) 

Mas%, = Total (as received) mas of the speclfic process fraChOn, in gnuns 

43.3.1 Soil Sample #l Solids and Contaminant Mass Balance Results 

Solids and Pu-239.240 mass balance results for sod sample #1 are summanzed in Table 4 10 Solrds mass 
balance results for sod sample #1 were 109 percent and 92 percent recovery for tests number 1 and 2, 

respectively Contarmnant mass balance results for sod sample #1 show that the PU-239,240 recoveries were 

111 percent and 100 percent for test numbers 1 and 2, respe!chvely The Pu-239.240 recovenes dunng phase 11 

teshng of sod #1 were wthm the laboratory’s control huts of 75 to 125 percent. 

42.3 2 Soil Sample #2 Solids and Contaminant Mass Balance Results 

Solids and Pu-239.240 mass balance results for sod sample #2 are summanzed m Table 4 11 Solids m a s  

balance results for sod sample #2 were 11 1 percent and 88 percent recovery for test numbers 1 and 2, 

respechvely Contarmnant mas balance results for sod sample #2 show that the Pu-239.240 recovery was 81 

percent for test number 1 Incomplete QNQC remew of test results pvents CalC&hOn of percent recovery for 
soil #2 The percent recovery calculaaons for sod #2 wdl be d~~~ussed m the final phase I and II report. The 

Pu-239.240 recovery was wthin the laboramryss control h t s  of 75 to 125 percent 
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4.233 Vegetation Sample Sol& and Contaminant Mass Balance Results 

Solids and h-239.240 mass balance results for the vegetauon samples are summanzed in Table 4 12 Soh& 
mass balance results for the vegetahon sample show 134 percent fecovery Contaminant mass balance results far 

the VegetahOn sample show that the Pu-239.240 recovery was 148 percent ‘Ilus recovery is outside the 

laboratory’s control hmit range of 75 to 125 percent The high recovery 1s attnbuted to exmuon 1-6 composite 

extract sample non-homogeneity Thrs will be confiied by QNQC data rewew and reanalysis, If requued 

Thls data wdl be further &scussed in the final Phase I and II test report. 

II 33- 
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Table 4.1: Summary of Pu-239,240 Chemical Charactenzahon Analyhcal Results 

Soil Sample #1 Soil Sample #2 Vegetatmn Sample 
(PCJtd ( P O  (PCW 

NA 
799 
664 
749 - 

Meall 740 

Phase I1 Confirmatory 
Analyses 688 

1530 68 1 
1514 599 
1200 463 

725 - 1152 - 
1350 620 

895 * 340' 

P c J g  plcocunespergram 
NA Notanalyzed 
* Re-analym underway, QA&C Incomplete 
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Table 4.2: Summary of Sod Sample #1 Solids Analytical Results 

Results 
P11-230~240 T O W U  
( P o  ( dg) 

Test 1 
Feed* 740 12 
6th ext. Soh& 42 0 8  
9th ext. Soh& 44 0 9  
12th ext. (final treated) Soh& 88 0 9  

Test 2 
Feed* 740 12 
6th ext Soh& 32 1 1  
9th ext. Soh& 35 0 9  
12th ext. (final treated) Soh& 83 10 

* Mean feed concentratton (d~scussed in Secaon 4 2 1) 
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Table 43: Summary of Sod Sample #2 Solids Analyt~cal Results 

Results 

Test 1 
Feed* 
6th ext. Sokds 
9th ext Soh& 
12th ext. (final treated) Solids 

Test 2 
Feed* 
6th ext Sohds 
9th ext Sokds 
12th ext (final treated) Solids 

1350 6 2  
97 2 2  

108 2 1  
102 25 

1350 6 2  
43 1 1  

27H 17  
2 7  

* 
I. 

Mean feed conwntrahon (d~scussed in SeChOn 4 2 1) 
Re-analyss III progress, QA/QC Incomplete 
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Table 4.4: Summary of Vegetabon Sample Solids Analytu!al Results 

Test 1 
Feed* 620 57 
6th ext Soh& 17 0.74 
9th ext. Soh& 19 0 80 
12th ext. (final treated) Solids 23 0 82 
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Table 45: Feed Sod and Vegetahon Stabstical Evaluation of Plutonium Analysls 

Concentration 

Chemlcal Chemical Chemical 
Charactenzatm Characterimtron Characterizatron 

Results Results Results 
Soil Sample #1 Sod Sample #2 Vegetation Sample 

(PCW (PCVS) (PCW 

Concentmuons NA 1530 
799 1514 
664 1200 
749 1153 

681 
599 
463 
725 

Mean 740 1350 620 

Standard Devlahon 68 201 115 

90% Confidence Interval 
Upper Interval 852 1585 
Lower Interval 622 1113 

752 
481 

NA Notanalyzed 
pCJg  plcocunes per gram 
% Percent 

37 
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Table 4 6: Sod Sample #I Pu-239,2240 Removal 

Feed* Treated Solids 
Test Number of Concentrabon Concentration Percent 

Number Extractions ( P O  (PCW Removal 

1 
2 

12 
12 

740 88 88 
740 83 89 

3%' 
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Table 4.7: Soil Sample #2 Pu-239,240 Removal 

Feed* Treated Solids 
Test Number of Concentration Concentratron Percent 

Identificabon Extracbons (PCW (PCW Removal 

1 
2 

12 1,350 102 92 
12 1,350 # # 

* Mean feed concentmaon (&scussed in Sechon 4 2 1) 
# Not avalable, Q W  incomplete 



1 
I 
i 
I 
I 
1 

, I  
I I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 

ID 

EG&G ROCKY FLATS PLANT Manual RFP/ER-94-00032 
ENVIRONMENTAL RESTORATION PROGRAM Document Revison 0, Draft A 

Solvent Extraction Bench-Scale Treatabhty Study Effective Date November 23,1994 
Draft Phase II Results Report for Page 34 of 39 

Table 4.8: Vegetatmn Sample Pu-239,240 Removal 

Feed* Treated Soh& 
Test Number of Concentratmn Concentration Percent 

Identrficalxon Extraclxons (PC@ ( P C U  Removal 

1 12 620 23 96 
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Table 4.9: Soil Sample #1 Solids and Pu-239440 Mass Balance Results 

solids PU-239,240 
Test Recovery Recovery. 

Number (percent) (percent) 

1 109 111 
2 92 100 

pCdg hcocunespergram 

* Based on mean feed concenmons 
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Table 4.10: Soil Sample #2 Solids and Pu-239,240 Mass Balance Results 

Solids Pu-239,240* 
Test Recovery Recovery 

Identificabon (percent) (percent) 

1 111 81 
2 88 # 

* Based on mean feed concenmons 
# Not avadable, QA&C incomplete 
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Table 4.11. Vegetation Sample Solids and Pu-239,240 Mass Balance Results 

Draft Phase I1 Results Report for Page 37 of 39 

Solids Pu-239,2#* 
Test Recovery Recovery 

Identification (percent) (percent) 

1 134 148 

* Based on mean feed concentmuons 
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5.0 SUMMARY OF RESULTS AND RECOMMENDATIONS 

Thls sechon summmes the RFP sod and vegetatton Phase II bench-scale test results and pmwdes 

recommendahons based on these results Phase 11 bench-scale solvent extrachon tests were evaluated to 

(1) confm the reproducibhty of the plutomum removal results acheved dunng Phase I teShng, 

(2) evaluate the effect of a&hod extrachon stages on removal of plutomum form RFP sod and vegetahon 

beyond that tested m Phase I, (3) calculate the percent of Pu-239,240 removed from RFP sod and vegetauon 

after solvent extrachon teshng, (4) calculate a plutomum (Pu-239,240) and sohds mass balance for each of the 

solvent eXtrachOn tests performed dunng Phase II, and (5) evaluate the perfonnance of Phase 11 bench-scale tests 

in removing COCs from the soil and vegetahon samples to COrICentrahOnS at or below the treatabdity study 

benchmarks (TSBs) 

The results of the Phase 11 bench-scale tests, as summanzed in Table 5 1, md~cate that a significant removal of 

Pu-239,240 from RFP sod and vegetahon was achieved dunng Phase II teshng However, these removals were 

comparable to those achieved dunng phase I teshng, in&cahng that the ~~tttjonty of the plutonium removal 

occurred in the first 3-4 extrachon stages The Pu-239.240 removal for the tests wth the most favorable results 
was 89 percent for soil sample #1,92 percent for soil sample #2, and 96 percent for the vegetahon sample, based 
on the mean feed concentrahons calculated pnor to Phase I tesung Pu-239.240 and sohds mass balance results, 

summanzed m Table 5 1, support the Pu-239.240 removal results. Sohds recovery ranged from 88 to 134 

percent and Pu-239,240 recovery ranged from 81 to 148 percent. 

Based on the results of the Phase 11 bench-scale solvent extrachon teshng, it is ewdent that virtually all 

plutonium extracuon took place dunng the fmt four extrachon stages and the final eight exmuon stages 

accomphshed only limited add~uonal exmuon Removal of residual plutomum from the treated solids to below 

the TSBs would reqm further optrmmon teshng to idenhfy the ophmum extracuon parameters 
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Table 5.1. Summary of Phase II Bench-Scale Test Results 

I 

I 

P U - w 9 , 2 4 0  PU-mF240 solids 
Number of Removal Recovery Recovery 

Sample Extractions (percent) (percent) (percent) 

Sod #I 
Test #1 
Test #2 

So11 #2 
Test #1 
Test #2 

Vegetatron I 
' I  
' I  
I 
I 
I 
I 
I 
I 
I 

# Not avmlable. QA/QC mcomplete 

12 88 111 109 
12 89 100 92 

12 92 81 111 
12 # # 88 

12 96 148 134 
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Analytical Results 



Analyses Results 
Test Pu- Pu-238. Am-241. KPA U 

Sample ID Description No. 23x40, pcl/Q pcug uglg 
9 1  Sample Number One 



1 
I I 
I 
1 
I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 

~ 

Appendix B 

Mass Balance Data 

L 



Soh& Balances 

Solids Mass Balances 

TOTALOUTPUT 200 , 
PERCENT RECOVERY 109.0% 

5011 No 1 ,  CitratelDithionite Test 
Total Net 

Solids, Solids, 
Item Description Mass,g % a 

SOLIDS INPUT 
Feed 200 920% 184 

Total Input 184 

SOLIDS OUTPUT 
6Sollds 7 1000% 7 
9Sollds 8 7  1000% 9 

Extract Sol'n TSS 9446 7 0 1% 13 
Extract Sol'n TSS 9640 1 0 1% 13 

Treated Solids 159 2 100 0% 159 

Total Output 200 

TOTALINPUT 184 I 

Soil No 1, Citric AcidlPeroxide Test 
Total 

Solids, Solids, 1 ItemDescription Mass,g % l; 
SOLIDS INPUT 

Feed 200 920% 

Total Input 184 I 
SOLIDS OUTPUT 

6S0llds 9 1000% 9 
9Sollds 108 1000% 11 

Extract Sol'n TSS 9081 3 0 0% 2 
Extract Sol'n TSS 9242 8 0 0% 3 

Treated Solids 1444 1000% 144 

Total Output 169 

TOTALINPUT 184 1 
TOTAL OUTPUT 169 

PERCENT RECOVERY 91.8% 
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Soil No 2, CitratelDithionite Test 
Total N8t 

Solids, Solids, 
Item Description Mass,g % a 

SOLIDS INPUT 
Feed 200 890% 178 

Total Input 1 78 

SOLIDS OUTPUT 
6Solids 6 6  1000% 7 
9Solids 103 1000% 10 

Extract Sol'n TSS 9459 7 0 1% 14 
Extract Sol'n TSS 9585 8 0 2% 19 

Treated Sollds 148 1 1000% 148 

Total Output 1 97 

TOTALINPUT 178 1 
TOTAL OUTPUT 197 

PERCENT RECOVERY 110.7% 

Soil No 2, Citric Acid/Peroxide Test 
Total 

Solids, Solids, 
Item Description Mass,g % a 

SOLIDS INPUT 
Feed 200 890% 178 I 

Total Input 1 78 

SOLIDS OUTPUT 
6Sollds 5 5  1000% 6 
9Sollds 7 3  1000% 7 

Extract Sol'n TSS 9671 5 0 1% 7 
Extract Sol'n TSS 9652 4 0 0% 4 

Treated Solids 1333 100 0% 133 

Total Output 157 I 
t TOTALINPUT 178 1 

TOTAL OUTPUT 1 !5' 
PERCENT RECOVERY 88.4% 
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TOTALOUTPUT 44 , 
PERCENT RECOVERY 134.0% 

Soh& Balances 

Vegetation, Citrate/Dithionite Test 
Total 

I Solids, Solids, 
Item Description Mass,g % g 

SOLIDS INPUT 
Feed 100 290% 290 

Reagent 785 46% 36 

Total Input 32 6 

SOLIDS OUTPUT 
6Sollds 1 5  10000/0 1 5  
9Sollds 22 1000% 22 

ExtractSol'nTSS 48768 02% 86 
Extract Sol'n TSS 4891 2 0 1% 6 4  

Treated Sollds 25 1000% 250 

Total Output 437 I 
t TOTALINPUT 326 1 
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TOTAL OUTPUT 136580 
PERCENT RECOVERY 100.3% 

PuBalances 
Phase II Plutonium-239/240 Mass Balances 

Percent Removal 88 7% 

Soil No. 1, Citrate/Dithionite Test 
Net 

Concentration, Activity, 
Item Description Mass,g pC1lg pci 

ACTIVITY INPUT 
Feed 184 740 1361 60 

Total Input 1361 60 

ACTIVITY OUTPUT 
Treated Solids 159 2 883 14057 

6th Extraction Solids 7 41 8 293 
9th Extraction Sollds 8 7 442 385 

Composite Extract (1 -6) 9446 7 14 3 135088 
Composite Extract (7-12) 9640 1 0 146 1407 

Total Output 151 230 

TOTALINPUT 136160 I 
TOTAL OUTPUT 151230 I 

PERCENT RECOVERY 111.1% I Percent Removal 88 1% 

io11 No 1 , Citric Acid/Peroxide Test 
Net 

Concentration, Activity, 
Item Description Mass,g pCVa pc1 

CTIVITY INPUT 
Feed 184 740 1361 60 

Total Input 136160 

\CTIVITY OUTPUT 
Treated Sollds 144 4 833 1 2029 

6th Extraction Solids 9 32 4 292 
9th Extraction Solids 10 8 35 4 382 

Composite Extract (1-6) 9081 3 13 3 120781 
Composite Extract (7-1 2) 9242 8 0 335 3096 

Total Output 136580 

TOTALINPUT 136160 I 
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Soil No 1 Total Solids = 92% 



PuBalances 

Soil No. 2, CitrateDithionite Test 

Concentration, Activity, 
Item Descnption Mass,q pcuq pci 

ACTIVITY INPUT 

TOTAL OUTPUT 195666 

- 

' I  
, I  

PERCENT RECOVERY 81.4% Percent Removal 92 4% . 
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Soil No 2 Total Solids = 89% 

240300 

Feed 178 

Total Input 

ACTIVITY OUTPUT 
Treated Solids 148 1 1 02 151 06 

6th Extraction Solids 6 6 97 1 641 
9th Extraction Sollds 10 3 108 1112 

Composite Extract (1 -6) 9459 7 18 6 175950 
Composite Extract (7-1 2) 9585 8 0298 2857 

195666 1 Total Output 

TOTALINPUT 240300 I 

Soil No. 2, Citric Acld/PeroxMe Test 
NBt 

Concentration, Activity, 
Item Description Mass,q pCilq pci 

ACTIVITY INPUT 
240300 Soil No 2 Total Solids = 89% I Feed 178 1350 

Total Input -2403oo) 
ACTIVITY OUTPUT 

Treated Solids 133 3 355 47322 
6th Extraction Solids 5 5 42 8 235 
9th Extraction Solids 7 3 278 2029 

Composite Extract (1 -6) 9671 5 16 6 160547 
Composite Extract (7-1 2) 9652 4 0911 8793 

Total Output 

TOTALINPUT 240300 1 
TOTALOUTPUT 218927 I 

PERCENT RECOVERY 91.1% I Percent Removal 73 7% 
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TOTAL OUTPUT 26583 
PERCENT RECOVERY 147.9% 

PuBalances 

Percent Removal 96 4% 

Vegetation, Citrate/Dithionlte Test 
Net 

Concentration, Activity, 
Item Description Mass,a pCi/q PCi 

ACTIVITY INPUT 
Feed 29 620 1 7980 

I 
Total Input 1 7980 I 

ACTIVITY OUTPUT 
TreatedSollds 25 226 565 

6th Extraction Sollds 1 5 16 6 25 
9th Extraction Solids 2 2 19 2 42 

Composite Extract (1 -6) 4876 8 5 21 25408 
Cornpostte Extract (7-12) 4891 2 0 113 553 

Total Output 

TOTALINPUT 17980 1 
26!593 
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